Introduction
The left ventricular (LV) summit is a common site from where idiopathic premature ventricular contraction (PVC) and ventricular tachycardia (VT) can originate.
Catheter ablation of the LV summit can pose various anatomical challenges, and foci located deep in the myocardium often need more extensive ablation to surround the area from where it originates, in order to be successful.
We present a case of idiopathic VT arising from the LV summit area, where the left atrial appendage was used as a vantage point to successfully map and ablate the epicardial aspect of the septal LV/LV summit area. This approach can supplement the epicardial mapping of the LV summit currently performed via the great cardiac vein (GCV) and the anterior interventricular vein (AIV), or replace it when the veins are not approachable due to anatomical challenges.
Case Report
A 51-year-old man with no significant past medical history was referred to our institution with complaints of frequent palpitations and fast palpitations with near syncope associated with exercise. He was being treated with metoprolol succinate. There was no family history of sudden death. As part of his workup, an ECG showed a normal QRS in sinus rhythm, with evidence of occasional PVCs with a left bundle, right inferior axis (Image 1); an echocardiogram revealed a normal left and right ventricular function with normal valve function. While undergoing a treadmill stress test, at stage 3 of the Bruce protocol, he developed fast monomorphic VT matching his PVC morphology and associated with near syncope. A cardiac MRI corroborated a normal LV and RV function, and it was negative for any late gadolinium enhancement. Coronary angiography was negative for obstructive coronary disease.
At that point, the patient was brought to the electrophysiology laboratory for EP study and ventricular tachycardia ablation. Under light sedation, a Josephson quad catheter was placed in the right ventricular apex, an 8F SoundStar intracardiac echocardiography (ICE) catheter was advanced into the heart to reconstruct the cardiac anatomy using the Carto-Sound module (Biosense Webster, Diamond Bar, CA) and to assist with catheter movement and mapping. An 8F ThermoCool â Smart
Touch SF (Biosense Webster, Diamond Bar, CA)-irrigated tip catheter was then advanced into the right ventricle through an Agilis steerable sheath (Abbott/St. Jude Medical, St. Paul, MN). The Carto-3 3D mapping system (Biosense Webster) was used for mapping. Activation mapping localized the earliest site of activation at the anterior-most leftward aspect of the RV outflow tract, about 2 cm under the pulmonic valve in what is also known as the site 6 RVOT (À24 msec pre-QRS). Pacemapping in this area yielded an almost perfect match at >97% using the PASO module (Biosense Webster).
After heparin was infused to achieve an ACT >250 sec, the ablation catheter was advanced into the coronary cusp region and LV via a retrograde approach for mapping. The earliest activation was noted at the endocardial aspect of the LV summit, under the R/L junction of the coronary cusps (À20 msec pre-QRS); pace-mapping yielded a poor match (Fig. 1) .
The GCV/AIV was attempted to be reached via the coronary sinus, but it became small in its distal portion and the ablation catheter could not be advanced all the way to reach the epicardial aspect of the LV summit.
At that point, RF was delivered at the site of earliest activation in the RVOT region (20-30 Watts for 60-90 sec). The PVCs would suppress during the ablation but then come back at a similar burden after energy delivery. On ICE evaluation, it was noted that the structure adjacent to where we were ablating was the tip of the left atrial appendage. Now with ACTs reaching >300 sec and under ICE and fluoroscopic guidance, a single transseptal was performed and the Agilis steerable sheath was advanced into the left atrium. The ablation catheter was then advanced into the tip of the left atrial appendage and with the vector pointed toward the LV, the PVC was mapped. The earliest activation was noted in this area, although the signal was of a far-field nature (À31 pre-QRS), pacing in this area would capture the atrial tissue and not the ventricular tissue (Fig. 2) .
After a coronary angiogram was performed to make sure we were not in close proximity to any major coronary vessels, a lesion was delivered (20-30 Watts for 40 sec), and again, the PVC foci were partially suppressed but not eliminated.
Further ablation on the RVOT, left atrial appendage, and the LV endocardium, with the goal of surrounding the foci, which at this point seemed to be located in the intramyocardial aspect of the LV summit, successfully eliminated it. Postablation ventricular burst pacing on-off isoproterenol could not re-induce the VT or PVC, and the subsequent Holter testing and treadmill testing have confirmed the long-term elimination of the ectopy. There were no complications.
Comments
The LV summit as it is known in the anatomy literature is the highest point of the left ventricle, anterior to the aortic valve, and represents a common site of origin for idiopathic outflow tract VT or PVCs. The area can be approached using various structures as vantage points. The common sites are the left and right coronary cusp, its endocardial aspect by advancing the catheter into the LV, the great cardiac vein and interventricular vein, the anterior-most leftward aspect of the RVOT, and lately using unipolar wires that can penetrate the venous septal perforators [1] [2] [3] .
In the present case, we describe the use of the left atrial appendage as a structure that can also be used as a vantage point to reach the LV summit. The left atrial appendage has many anatomical variants, but it often rests on the lateral aspect of the LV and its tip can span all the way to reach the epicardial LV summit and even touch the RVOT, where the two ventricles meet [4] .
In this case, we could not approach the GCV or AIV to use it to map the epicardial septal aspect of the LVOT, and often, the ability to deliver energy at that site is hampered by the course of the left anterior descending coronary artery.
We believe that the left atrial appendage can be utilized to map this region and gives us another option. The left atrial appendage has multiple bundles of muscles separated by areas that can be paper thin [4] , and underneath it, there can be some fat tissue that may prevent adequate energy delivery to the ventricular muscle. The partial suppression noted in our case may suggest its feasibility; furthermore, assuming that the point of maximum temperature when using irrigated catheters is about 5 mm from the catheter surface, it is theoretically possible to assume that some energy is effectively reaching the epicardial muscle. Nevertheless, animal studies are needed to further explore the point and to establish if it would be safe in most cases. Limitations associated with the course of the great epicardial coronary arteries are also relevant when ablating in this structure, but we can safely establish that when the anatomy is favorable, the left atrial appendage can be used as a structure from where the epicardial aspect of the LV summit could be mapped.
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